United States Patent [19] [nj Patent Number: 4,984,195 

Nakamura et at [45] Date of Patent Jan. 8, 1991 


[54} EXTENDED BUS CONTROLLER 

[75] Inventors: Masayuki Nakanura, Nagoya; 

Ityiys Harm, Kani, both of Japan 

[73} Assignees; Hitachi, UL, Tokyo; Hitachi Chnbe 
Software, Ltd* Aichi, both of Japan 

[21] AppLNo.: 201,443 

[22] Filed: Jam. 2, 1988 

[30] Fordgi Anaticetioa Priority Data 

Jan. 3. 1987 [JP] Japan 67-139486 

[51] IntCL* — . G06P 13/28 

[52] VS. CL ............ 364/200; 364/242.31; 

364/270.3 

[58] Field of Search 364/200 MS File, 900 MS File 

[56] Reference* Oted 

U.S. PATENT DOCUMENTS 

4,245,301 1/1981 Rokntanda et aL 364/200 

4,428,044 1/1984 Liron ........ 364/200 

4,503.496 3/1985 Holzner et aL ... 364/200 

4,516,199 5/1985 FriederetaL 364/200 

4,564,900 1/1986 Smstt . . 364/200 

FOREIGN PATENT DOCUMENTS 
57-34234 2/1982 Japan . 

Primary Examiner—Michael R. Fleming 

Assistant Examiner— D^brn A. Chun 

Attorney, Agent, or Firm— Antonelli, Terry, Stout & 

Kraus 


[57] ABSTRACT 

An extended bus controller indiirirs a base module 
including at least a first peripheral control unit con- 
nected to a base bus, a central processing and control- 
ling unit, and a memory unit; an extension module in- 
cluding at least a second peripheral control unit con- 
nected to an extended bus; a connection bus intercon- 
necting the base bus of the base module and the ex- 
tended bus of the extension module; a direct memory 
access control unit provided for at least one of the base 
module and the extension module for directly control- 
ling data transfer between the first and second periph- 
eral control units and the memory unit; a first master 
clock generator unit for supplying first master clocks to 
the direct memory access control unit and controlling 
the direct memory access control unit, the first master 
clocks having a first frequency determined by a data 
transmission delay time of at least one of the base bus, 
the connection bus and the extension bus, and by the 
performance of the first peripheral control unit and the 
memory unit; and a second master clock generator unit 
for supplying second master clocks to the direct mem- 
ory access control unit and controlling the direct mem- 
ory access control unit, the second master clocks hav- 
ing a second frequency determined by a data transmis- 
sion delay time of at least one of the base bus, the con- 
nection bus and the extension bus, and by the perfor- 
mance of the second peripheral control unit and the 
memory unit 

8 Claims, 10 Drawing Sheets 
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1 2 

and second peripheral control means and said memory 

EXTENDED BUS CONTROLLER mrar ^ 

n . ^„ m . first master clock generator means for supplying first 

BACKGROUND OF THE INVENTION ^ clocks to *!d direct memory ac^ control 

The present invention relates to a computer system, means and controlling said direct memory access con- 

and more particularly, to an extended boa controller trol means, said first master clocks having a first fre- 

suhable for improving the efficiency of data transfer via queocy determined by a data transmission delay time of 

a plurality of busses. at least one of said base bus, connection bus and exten- 

J^^^^fT'^^^ 1 ^ 6 ^ 1 " 1 10 »on bus, and by the performance of said first peripheral 

extension module, the former module mduding a cen- control means and said memory means; and 

tral processing ana controlling unit connected to a base . _ . , ' 1 ~ , . 

bus/a^nemc^ unit, and peripheral control units, and f"^'™™" 

the latter module including peripheral control units sccond l mastcr clock * *° *** manorv 80008 

connected to an extended bus. Such a conventional ,« 00111x01 mcaas °° ntroUm « dlrcct ««wry ac- 

cxtended bus controller is disclosed, for example, in 15 cess control means, said second master clocks having a 

Japanese Patent Laid-open Publication No. JP-A-57- second frequency determined by a data transmission 

34234. In the conventional extended bus controller, data delay time of at least one of said base bus, connection 

transfer between the peripheral control units and the bus and extension bus, and by the performance of said 

memory unit within the base module is conducted in ^ second peripheral control means and said memory 

synchronism with a synchronous clock signal from the means. 

central processing and controlling unit On the other According to the present invention, the direct mem- 
hand, data transfer between the peripheral control units ory access controller (hereinafter referred to as the 
and the memory unit within the extension module is DMA controller), which controls data transfer between 
conducted in synchronism with another synchronous ^ the memory unit and the peripheral control unit within 
clock stgnaJhavmg a lower frequency than that of the ^ ^ OT ^ cxtenaion b ^ t0 

ISS^ have master doc^hich optimize the efficiency of 

obtained by ^^T^S^^^^oi^i ™* *» 

chronous clocks of the first-mentioned clock signal for M efficiency can be attained with a sample 

the tune corresponding to a delay time of data transmis- circmt configuration. 

sion between the peripheral control units and the mem- BRIEF DESCRIPTION OF THE DRAWINGS 
ory unit within the extension rnodulff 

The above-described conventional technique poses FIG. 1 is a block diagram showing a first embodiment 
the following problems. As the synchronous clock sig- 33 of *n extended bus controller according to the present 
nal to be used in accessing the peripheral control units invention; 

and the memory unit within the extension module, a FIG. 2 is a block diagram briefly illustrating the 
synchronous clock signal which is derived from the structure of the DMA controller shown in FIG. 1; 
synchronous clock signals on the base bus by adjusting FIG. 3 illustrates the signal flow during the data 
it in units of its peripheral clock can only be obtained. 40 transfer from the memory unit 4 to the peripheral con- 
Therefore, the efficiency of data transfer between the trol unit 2 shown in FIG. 1; 

peripheral control unite and the memory unit within the 4iaa timin g chart used for explaining the mem- 

extension module cannot be optimized. Further, it is ^ opm ^ on m rq, 3. 

TTk^dL* SL f0r nUSkin8 5ynChrOD0US FIG. 5 illustrates the signal How during the data 
prepared. 45 tnmsfer from ^ peripheral control unit 2 to the mem- 

SUMMARY OF THE INVENTION ory unit 4 shown in FIG. 1; 

The present invention has been made in view of the Fia 6ba tim f n 8 chart used for explaining the mem- 
above problems. An object of the present invention is to orv write operation in FIG. 5; 
eliminate the above-described problems ays ori aTfd with 30 pto * 7 illustrates the signal flow during the data 
the conventional extended bus controller, and to pro- transfer from the memory unit 4 to the peripheral con- 
vide an extended bus controller capable of realizing trol unit 12 shown in FIG. 1; 

optimum data transfer efficiency for both the base mod- FIG. 8 is a timing chart used for explaining the mem- 
ule and the extension module with a simple circuit con- ory read operation in FIG. 4; 

figuration. S3 piG. 9 illustrates the signal flow during the data 

To achieve the above objects, the extended bus con- transfer from the peripheral control unit 12 to the mem- 
trailer of this invention comprises: ory unit 4 shown in FIO. 1; 

a base module including at least one first peripheral FIG. 10 is a toning chart used for explaining the 
control means <^*ected U) a base bus, a central pro- memory write operation in FIG. 9; 
cesang and ctmtaolhng unit, and memory means; 60 pio 11 is a block diagram showing a second embodi- 

an extension module inHn/Ung at least one second . e ^* 0 cmwwi 

peripheral control means connects to an extended bus; **** of "^"^ bus controUcr according to the 

a connection bus mterconnecting the base bus of said present invention; 
base module and the extended bus of said extension ^G. 12 is a block diagram showing the structure of 
module; 65 tne DMA controller shown in FIG. 11; and 

direct memory access control means provided for at FIG. 13 is a block diagram showing a third embodi- 
least one of said base module and said extension module ment of the. extended bus controller according to the 
for directly controlling data transfer between said first present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

P i e fcn e d embodiments of the present invention will 
be described in detsil with reference to the accompany- 5 
tug drawings. 

FIG. 1 is a block diagram showing the first embodi- 
ment of the extended bus controller of the present in- 
vention. 

In the first embodiment, a base module 7 and an ex- 10 
tension module 8 are provided. The base module 7 com- 
prises a memory unit 4 connected to a base bus 5, a 
central processing and controlling unit 3 (hereinafter 
simply called CPU), m (mS 1) peripheral control units 
2-1, ... , 2-n, . . . , 2-ox a DMA controller 1* a driver/- 15 
receiver 21a, 216, and a clock-A generator 14 for con- 
trolling the DMA controller 1 The extension module 8 
comprises m (m£» 1) peripheral control units 12-1, . . . , 
12-a, .... 12-m, a DMA controller 11, a driver/receiver 
230, 236, and a clock-B generator 16 for controlling the 20 
DMA controller 11. The base bus and the nrtmrird bus 
are connected by a connection bus 22. 

The DMA controller 1 controls data transfer be- 
tween the peripheral control units 2-1, . . . 1 2-m, which 
are connected to the base bus 5 and the memory unit 4> 25 
whereas the DMA controller 11 controls data transfer 
between the peripheral control units 12-1, . . . , 12-m, 
which are connected to the extended bus 6 and the 
memory unit 4. 

The DMA controllers 1 and 11 have the same con- 30 
struction, the brief construction of the DMA controller 
1 being shown in FIG. X The DMA controller 1 com- 
prises a memory address register 104 which stores a 
transfer start address of the memory unit 4 at a data 
transfer, a transfer data number register 106 for storing 35 
a count of transfer data amount, and a control unit 102 
which stores control information such as transfer mode 
information and controls data transfer between the 
memory unit 4 and the peripheral control units 2-1, . . . 
, 2-m- The control unit 102 receives the clocks A as 40 
inputs, and outputs various con trol signals such as ac- 
knowledge signals DMAACKi, . . . , DMAACKn, in 
response to transfer request signals DMAREQi, . . • , 
DMAREQn. Shown in FIG. 2 are only those input/out- 
put signals of the control unit 102 which come from and 45 
go to one unit 2-n of the peripheral control unit 2-1, . . 
. , 2-m, the other input/output signals coming from and 
to the remaining peripheral control units being omitted 
in FIG. 2. 

The DMA controllers 1 and 11 may be an INTEL 50 
8257. 

The DMA controller 11 has the same construction as 
the DMA controller 1, so that the description of the 
construction of DMA controller 11 is omitted. 

With reference to the embodiment described above, 55 
an operation to read data from the memory unit 4 and 
writing the data in one of the peripheral control units 2, 
eg., unit 2-n connected to the base bus 4, or a so-called 
DMA memory read operation, will first be described. 

FIG. 3 shows the signal flow during the DMA mem* 60 
ory read operation, and FIG. 4 is a timing chart of 
various signals occurring during the DMA memory 
read operation. 

As the peripheral control unit 2-n ou tputs a DMA 
transfer request signal 49 DMAREQn to the DMA 65 
controlle r 1 (time tl), the latter sends an acknowledge 
signal 50 DMAACKjb to the former (time t2). Thereaf- 
ter, the DMA controller 1 outputs an address signal and 


a data read signal 51 MEMR to the memory unit 4 in 
synchronism with a clock-A, c g^ at its trailing edge, 
and outputs a data write signal 52 DIOWn to the periph- 
eral control unit 2-n (time t3). The timings of the above 
operation are shown in FIG. 4 wherein a memory read 
is performed, e.g^ in 2.5 periods (2.5 Tl) of the clock-A. 

The D MA contr oller 1 djyjde * the clock-A to gener- 
ate signals MEMR and DIOWn. 

The timing chart shown in FIG. 4 illustrates the tun- 
ings of various signals at input/output points of the 
DMA controller 1 as represented by (a), of the memory 
unit 4 as represented by (b), and of the peripheral con- 
trol unit 2-n as repres ented by (c), respectively, in FIG. 
4. When the signal 51 MEMR takes a logical value " 1 " 
at the input point of the memory unit 4> memory unit 4 
outputs the data 53 at the time t5 delayed by a nsec 
determined by the p erf orm ance of the memory unit 4, 
and stops outputting the data when the signal 51 be- 
comes M 0 P *. The peripheral control unit 2-n r eads the 
data at the timing (time t9) when the signal 52 DIOWn 
changes from a logical u l n to a logical "0" at the input 
point of the peripheral control unit 2-n. 

In this case, it takes nsec from when the data 

was identified at the peripteral control unit 2-n (time t6) 
to when the signal 52 DIOWn changes from the logical 
"1" to the logical "fT at the input point of the peripheral 
control unit 2-n (time tS% where fic represents a time 
determined by the performance of the peripheral con- 
trol unit, and fix represents a certain margin time (O<0- 
\<TL/l t Tl is the period of clock-A). 

In FIG. 4, dl l e pieseut s a transmission delay time 
required for the signal 51 MEMR outputted from the 
DMA controller 1 to reach the memory unit 4 via the 
base bus 5r d3 represents a transmission delay time re- 
quired for the data 53 read out of the memory unit 4 to 
reach the peripheral control unit 2-n via the base bus 5, 
and d2 represents a U ansnussk m delay time required for 
the signal 52 DIOWn outputted from the DMA control- 
ler 1 to reach the peripheral control unit 2-n. 

Therefore, in order to attain a most effective data 
transfer, the period Tl of the master clock-A is set such 
that a time PW1 from the trailing edge of the signal 51 
MEMR (time t3) to the leading edge of the signal 52 
DIOWn, as seen at the output point of the DMA con- 
troller 1, becomes wifarannm. The time PW1 is the sum 
of transm ission delay times dl» d2 and d3 of the signal 
MEMR and the data signal 53 on the base bus, times a 
and /fe determined by the performance of the units 4 and 
2-n, and &\. Namely, the time PW1 becomes 
dl+d3— d2+a+£o+£i, which b determined irre- 
spective of whether the bus has been extended or not 

The transmission delay times d2 and d3 vary depend- 
ing on the position of the peripheral control unit In this 
case it is supposed that the time PW1 
(dl+d3— d2+a+£o+0i) becomes maximum for the 
unit 2-n, which mairlmmn time is r epr esen t e d by PWi_*. 

Next, an operation to write data of the peripheral 
control unit 2, eg., from unit 2-n into the memory unit 
4 (Le., a so-called DMA memory write operation) will 
be described. 

FIG. 5 is a block diagram showing the signal flow 
during the DMA memory write operation, and FIG. 6 
is a timing chart of various signals during the DMA 
memory write operation. 

The timing chart shown in FIG. 6 illustrates the tim- 
ings of various signals at input/output points of the 
DMA controller 1 as represented by (a), of the periph- 
eral control unit 2-n as represented by (b), and of the 
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memory unit 4 as represented by (c), respectively, in In this case, the margin time {fi\ or fit) of the larger 
HO. 6. one of PW^-^i and PW 2 -«-6i is set at 0. 

As the peripheral contro l unit 2-n outputs a DMA As can be appreciated, the period of the clock- A is 
transfer request signal 69 DMAREQn to the DMA determined based on the maximum time PWj.„ or PW2. 
controller 1 (time til, t he latter sends an acknowledge 5 «, respectively, among the times PW1 during the mem- 
signal 70 DMAACKn to the former 2-u (time X2). ory read operation and the times PW2 during the mem- 
Thereafte r, the D MA controller 1 outputs a data read ory write operation, for the peripheral control units 2-1 
signal 71 DIORn to the peripheral control unit 2-n in to 2-n. 

synchronism with the clock-A, eg., at its trailing edge Next, data transfer between the peripheral control 
(time t3X and thereaf ter outpu ts an address signal and a 10 units 12 within the extension module and the memory 
data write signal 72 MEMW to the memory unit 4 in unit 4 will be described. 

synchronism with clock-A, eg., at its trailing edge (time It is assumed that the memory read or write operation 
t7). is performed in, eg., 2.5 periods of a clock-B. 

In the above embodiment, the DMA memory read First, an operation to read data from the memory unit 
and write operations each are performed, eg., in 2.5 13 4 and write the data in one of the peripheral control 
periods of the cloc k-A. units 12, eg., unit 12-n connected to the extension bus 6, 

When the signal DIORn ***** a logical value M l" at or a so-called DMA memory read operation, will first 
the input point of the peripheral control unit 2-n (time he described. 

t4), it outputs the data 73 at time (time t5) delayed by y FIG, 7 shows the signal flow during the DMA mem- 
nsec determined by the performance of the peripheral 20 ory read operation, and FIG. 8 is a timing chart of 
control unit 2-n, stops outputting the data when the various signals occurring during the DMA memory 
signal 71 DIORn takes a logical * 4 0". The memory unit read operation. 

4 writes the data therein when the signal 72 MEMW As the peripheral contro l unit 12-n o utputs a DMA 
becomes a logical "1" at its input point (time tS). transfer request signal 59 DMAREQn to the DMA 

In this case, it takes (60+61) nsec from when the data 25 controlle r 11 (timett) , the latter sends an acknowledge 
was identifie d at the m emory unit 4 (time t6) to when signal 60 DMAACKn to the former (time t2). Thereaf- 
the signal 72 MEMW changes from the logical T*to ter, the DMA controller 11 outp uts an address signal 
the logical **1 ** where 60 represen ts a time determined md a data read signal 61 MEMR to the memory unit 4 
by the performance of the memory unit, and 81 repre- m synchronism with a clock-B, e .g., at its trailing edge, 
sents a certain margin time (0<6i<Tl/2). 30 and outputs a data write signal 62 DIOWn to the periph- 

In FIG. 6, d2 represents a transmission delay time eral control unit 12-n (time t3). 
required for the signal 71 DIORn outputted from the The timing chart shown in FIG. 8 illustrates the tim- 
DMA controller 1 to reach the peripheral control unit ™g» of various signals at input/output points of the 
2-n via the base bus 5, d3 represents a transmission delay DMA controller 11 as represented by (a), of the mem- 
time required for the data 73 of the peripheral control 33 ory unit 4 as represented by (b), and of the peripheral 
unit 2-n to reach the memory unit 4 via the base bus 5, control unit 12-n as repres ented by (c), respectively, in 
and dl represents a transmission delay time required for FIG. 8. When the signal 61 MEMR takes a logical value 
the signal 71 MEMW outputted from the DMA control- M l" at the input point of the memory unit 4, it outputs 
ler 1 to reach the memory unit 4 via the base bus. The the data 63 at a time (time tS) delayed by a nsec deter- 
delay times d2 and d3 vary depending on the position of 40 nuned by the performance of the memory unit 4 and 
the peripheral control unit and it is assumed in this case stops outputting the data 63 when the signal 61 becomes 
that they become maximum for the peripheral control ^ peripheral control unit 12-n reads the data at 

unit 2-n among the units 2-1 to 2-n. the timing (time t9) when the signal 62 DIOWn changes 

Therefore, in order to attain a most effective data from a logical "1" to a logical "0" at the input point of 
transfer, the period Tl of the master clock-A is set such *3 the peripheral control unit 12-n. 
that a time PW2 from the trailing edge of the signal 71 ^ this case, it takes (fio+Pl) nsec from when the data 
blOftji (time t3) to the leading edge of the signal 71 was identified at the peripheral control unit 12-n (time 
t>I0Rn (time t9), as seen at the output point of the t6) to when the signal 62 DIOWn changes from the 
DMA controller 1, becomes minimum. logical "1" to the logical "0" at the input point of the 

The time FW2 is the sum of 30 peripheral control unit 2-n (time 9), where #0 represents 
(d2+d3— dl+a+6o+$t) which becomes ^"m^ 1 time determined by the performance of the peripheral 
for peripheral control unit 2-n and is represented by control unit, and fii represents a certain margin time 
PW2-*. (0<ft <T2/2, T2 is a period of the clock-B). The times 

As described above, the time PWi^ during the mem- dl, d3 ( a and 0o shown in FIG. $ are assumed to have 
ory read operation and the ttm* FW Z ^, during the mem- 35 the same meanings and values as in FIG. 4. 
ory write operation respectively for the peripheral con- In FIG. 8, dl+el represents a tran smission delay 
trol unit 2-n are given by: time required for the signal 61 MEMR outputted from 

the DMA controller 11 to reach the memory unit 4, d3 
Wi*-rfi-H0-<fl+a+0o+0i represents a transmission delay time required for the 

60 data 63 read out of the memory unit 4 to reach the 
SffY«-rf2+rfS~4i +7+Oo+£i peripheral control unit 12-n, and d4 represents a trans- 

mission delay time required for the signal 62 DIOWn 
The Tl of the clock-A is then determined as 1/2.5 of outputted from the DMA controller 11 to reach the 
the larger one of the time FW\^—fi\ and the time PWj. peripheral control unit 12-n. 

65 It is assumed that the peripheral control units 2-1 to 
With the above arrangement, the DMA controller 1 j-m, 12-1 to 12-m perform the some, 
can perform most efficiently the memory read and write As compared with the memory read operation shown 
operation within the base module. m nG. 3, the memory read operation shown in FIG. 7 
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is added with a transmission delay time el of the signal the peripheral control unit 12-n among the units 12-1 to 

61 MEMR and a transmission delay time ei of the data 12-m. 

signal 63, respectively, at the driver/receiver 21b, 236, As compared with the memory write operation 

the bus 22 and the extended bus 6. Theref ore, a time shown in FIG. 5, the memory write operation shown in 

PW3 from the trailing edge of the jdgna l 61 MEMR to 5 FIG. 9 is added with, as shown in FLGJLO, a transmis* 

the leading edge of the signal DIOWn is added with sion delay time el of the signal 62 MEMW and a trans- 

about el+e2 as compared with the time PW1. Namely, mission delay time e2 of the data signal 83, respectively 

the time PW3 becomes the sum of (dl+el-i-d3+e2— d- at the driver/receiver 216, 236, the bus 22 and the ex- 

4+a+/3o+/*2). tended bus 6. Therefore, a time PW4 from the trailing 

The times d3 and d4 vary depending on the position 10 edge of the signal 81 DIORn to the leading edge of the 
of the peripheral control unit and it is assumed in this signal 81 DIORn is added with about el+e2 as corn- 
case that the times (d3+e2) and d4 become marimum pared with the time PW2. Namely, the time PW4 be- 
for the peripheral control unit 12-a among the periph- comes the sum of (d3+e2+d4H-7+6o+&2— (dl+el)). 
era! control units 12-1 to 12-m. Thus, the time PW3 As described above, the times (d3+e2) and d4 be- 
becomes maiimmn for the peripheral control unit 12*n, 15 come maximum for the peripheral control unit 12-n 
which maximum time is represented by PWj^,. among the peripheral control units 12-1 to 12-n. Thus, 

Next, an operation to write data of the peripheral the time PW4 becomes maximum for the peripheral 

control unit 12, e.g., unit 12-n into the memory unit 4 control unit 12-n, which maximum time is represented 

(Le., a so-called DMA memory write operation) will be by PW4*. 

described. As a result, the time PW^ during the memory read 

FIG. 9 is a block diagram showing the signal flow operation and the time PW*« during the memory write 

during the DMA memory write operation, and FIG. 10 operation respectively for the peripheral control unit 

is a timing chart of various signals occurring during the 12-n are given by: 

DMA memory write operation. 

The *i Ti i" g chart shown in FIG. 10 illustrates the PfVyM^di+ei+a+tJ-dA+a+fo+pi 

tunings of various signals at input/output points of the ^ , . , 

DMA controller 11 as represented by (a), of the periph- rw^-a+a+dt+y+to+tt-ui+n) 

era! control unit 12-n as represented by (b), and of the _ _ c . _ . _ . - . . , t « c . 

r~~~rm »«it a o. ™~Jmt*A h%/ m «Lrl^i^i/ i« The T2 of the clock-B is then determined as 1/2.5 of 

memory unit 4 as represented by (c), respectively, m M ^ lafgef oneofthetime pw^-^and the nine PW4. 

As the peripheral control unit 12-n outputs a DMA / '~^?' . . . f^w* , „ 

transfer request signal 79 DMAREQn to the DMA J^^^^^^^^^r^^Z^ 

controller 11 (time tl), the latter sends an acknowledge P^orm most rffi^tly ^ memory read and write 

signal 80 DMAACKn to the former (time t2). Tbereaf- 35 within the extension *f>** 

JTtL DMA controller 11 outputs a data read signal 81 33 ti^^ft^ 

EKJRS to the peripheral control unit 12-n in synchro- ot * of Z T £ twa 

nism with the clocks e.g., at its trailing edge (time t3), appreciated, the master clocks for the DMA coo- 

^^^ S^J^6it^ signal and a data write 1 m independently set atan optimum 

signal 82 KffiRW to the memory umU in synchronism m "Jf ZSTZZtTfVT"^ ^ 

with the clock-B, eg., at it s trailing edge (toe t7). *° be obtained for both the base module and the extension 

When the signal DIORn takes a logical value T at module, 

the input potnTof the peripheral control unit 12-n (time In^the a^ve embodimen^aDMA controlleris pro- 

t4), it outputs the datatt at a time (time t5) delayed by extension module separately from the 

y nsec determined by the performance of the peripheral 45 DMA controUer within the base module. Therefore, if a 

control unit 12-n, and stops outputting the data when J**" reqiures no extension of the bus, an additional 

the signal 81 DR5RH takes a logical *V\ The memory DMA controller Incomes uimecessary, thus preventing 

unit fwritcs the data therein when the signal 82 *>£f« ^ **mmg and leading to 

MEMW becomes a logical "1" at its input point (time «rt effectiveness. 

tg\ Next a second embodiment of this invention will be 

In this case, it takes (60+82) nsec from when the data described wherein a DMA controller is provided only 

was identifie d at the m emory unit 4 (time t*) to when the base module and shared by the extension 

the signal 82 MEMW changes from the logical "0" to module. . 

the logical M l w where $0 represents a time oetermined FIG- 11 * a block diagram showing the second em- 

by the performance of the memory unit, and rcpre- 55 bodiment of the extended bus controller, and FIG. 12 is 

sents a certain margin time (0<6i <T2/2). The times a block diagram showing the construction of the DMA 

d3, 7 and 80 are assumed to have the same meanings and controller shown in FIG. 11- Those elements shown in 

values as those in FIG. 6. FIGS. 11 and 12 having the same function as those 

In FIO. 10, d4 represen ts a tran smission delay time shown in FIGS. 1 and 2 are represented by using identi- 

required for the signal 81 DIORn outputted from the 60 ^ reference numerals. 

DMA controller 11 to reach the peripheral control unit fa this embodiment, a DMA controller 100 shared by 

12-n, d3+e2 represents a transmission delay time re- both the base and extension modules is provided within 

quired for the data 83 of the peripheral control unit 12-n the base module 7. The DMA controller 100 is supplied 

to reach the memory unit 4, and dl+el represents a with a master clock-A for use whh data transfer be- 

transmiss ion delay time required for the signal 82 65 tween the memory unit 4 and the peripheral control 

MEMW outputted from the DMA controller 11 to units 2-1 to 2-n, and with a master ciock-C for use with 

reach the memory unit 4. In this case, it is supposed that data transfer between the memory unit 4 and the periph- 

the delay Hm«s d4 and (d3+e2) become maximum for era! control units 12-1 to 12-n. The master clocks clock- 
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A and clock-C are generated by a dock A generator 14 
and a clock-C generator 18, respectively. 

As shown in FIG. 12, the DMA controller 100 com- 
prises a memory address register 104 which stores a 
transfer start address of the memory unit 4 at a data 5 
transfer, a transfer data number register 106 for storing 
a count of transfer data amount, a control unit 102 
which stores control information such as transfer mode 
information and controls data transfer between the 
memory unit 4 and the peripheral control units 2-1, ... 10 
, 2-m, 12-1, . . . , 12-m, and a switch circuit 108 for 
selecting one of clocks-A and clocks-C and supplying a 
selected one of the clocks to the control unit 10 2. 

Up on reception of a transfer request signal DMA 
REQ from one of the peripheral control units 2-1 to 2-m 15 
and 12-1 to 12-m, the switch circuit 108 selects the 
clock- A if the transfer request signal is sent from one of 
the peripheral control units 2-1 to 2-m within the base 
module, or selects the clock-C if the transfer request 
signal is sent from one of the peripheral control units 20 
12-1 to 12-m within the extension module, to supply a 
selected master clocks clock-A or clock-C to the con- 
trol unit 102. 

The period Tl of the clock-A is set in a similar man- 
ner as the clock-A in the first embodiment. 25 

The period of the clock-C is set in a similar manner as 
in the first embodiment, taking into consideration of the 
performance of the memory unit 4 and the peripheral 
control units 124 to 12-m, and the transmission delay 
times the base bus, extension bus and connection bus 22. 30 

Furthermore, a DMA controller may be provided 
only within the extension module and shared by the 
base module. 

The third embodiment of this invention is illustrated 
in FIG. 13. According to this embodiment of the pres- 35 
ent invention, a plurality of extension modules 8 may be 
provided in parallel with the base module. As one exam- 
ple of this, the provision of two extension modules is 
shown in FIG. 13. In this case, an additional extension 
module 9, which has the same construction as of the 40 
extension module 8 shown in FIG. 1 or FIG. 11, is 
connected to the base module together with the exten- 
sion module 8. 

The extension module 9 is connected to the base bus 
5 via a connection bus 24 and a driver/receiver 23a, 256. 45 
A DMA controller may be provided only within the 
base module, or within both the base and extension 
modules 8 and 9. The period of the master clock for 
controlling the extension module 9 is set in a similar 
manner as in the first or second embodiment, taking into 50 
consideration the transmission delay times on the exten- 
sion bus 26, connection bus 24 and base bus 5. 

In the above embodiments, the clock generators 14 to 
18 may generate clocks clock-A, clock-B and clock-C 
by dividing the clock signal from the CPU 3. 55 

According to the present invention, a peripheral con- 
trol unit having the same circuit arrangement can be 
connected to both the base module and the extension 
module so that an optimum data transfer efficiency can 
be obtained for each module with a simple logical car- 60 
cuit arrangement 

We claim: 

1. An extended bus controller comprising: 
a base module including at least one first peripheral 
control unit, a base bus, a central processing and 65 
controlling unit, and memory means for storing 
data, each of said at least one first peripheral con- 
trol unit, said central processing and controlling 


195 

10 

unit, and said memory means being connected to 

said base bus; 
an extension module including an extended bus and at 

least one second peripheral control unit connected 

to the extended bus; 
a connection bus interconnecting the base bus of said 

base module and the extended bus of said extension 

module; 

direct memory access control means provided for at 
least one of said base module and said extension 
module for directly controlling data transfer be- 
tween said at least one first peripheral control unit 
and said at least one second peripheral control unit 
and said memory "Rfw? ; 

first master clock signal generator means for supply- 
ing a first master clock signal to said direct memory 
access control means and controlling said direct 
memory access control means, said first master 
clock signal having a first frequency determined by 
a data transmission delay time associated with at 
least one of said base bus, said connection bus and 
said extension bus, and by performance of said at 
least one first peripheral control unit and said mem- 
ory means; and 

second master clock signal generator means for sup- 
plying a second master clock signal to said direct 
memory access control means and controlling said 
direct memory access control means, said second 
master clock signal having a second frequency 
determined by a data transmission delay time asso- 
ciated with at least one of said base bus, said con- 
nection bus and said extension bus, and by perfor- 
mance of said at least one second peripheral con- 
trol unit and said memory means. 

2. An extended bus controller according to claim 1, 
wherein said direct memory access control means con- 
trols data transfer between said memory means and said 
at least one first peripheral control unit in accordance 
with said first master clock signal, and controls data 
transfer between said memory means and said at least 
one second peripheral control unit in accordance with 
said second master clock signal 

3. An extended bus controller according to claim 2, 
wherein: 

said direct memory access control means is provided 
within said base module and connected to said base 
bus; 

said first master clock signal is determined based on a 
data transmission delay time on said base bus and 
the performance of said at least one first peripheral 
control unit and said memory means; and 

said second master clock signal is determined based 
on data transmission delay times on said base bus, 
said connection bus and said extended bus, and the 
performance of said second peripheral control unit 
and said memory means. 

4. An extended bus controller according to claim 1, 
wherein: 

said direct memory access control means comprises a 
first direct memory access controller connected to 
said base bus and a second direct memory access 
controller connected to said extended bus; 

said first direct memory access controller controls 
data transfer between said memory means and said 
at least one first peripheral control unit in accor- 
dance with said first master clock signal; and 

said second direct memory access controller controls 
data transfer between said memory means and said 
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at least one second peripheral control unit in accor- 
dance with said second master clock signal. 

5. An extended bus controller according to claim 4> 
wherein: 

said first master clock signal is determined based on a 5 
data transmission delay time on said data base bus 
and the performance of said at least one first pe- 
ripheral control unit and said memory means; and 

said second master clock signal is determined based 
on data transmission delay times on said base bus, 10 
said connection bus and said extension bus and the 
performance of said at least one second peripheral 
control unit and said memory means. 

6. An extended bus controller comp ri sing; 

a base module including at least one first peripheral 15 
control unit, a base bus, a central processing and 
controlling unit, and memory means for storing 
data, each of said at least one first peripheral con- 
trol unit, said central p r o ce s sin g and controlling 
unit, and said memory means being connected to 20 
said base bus; 

an extension module including an extended bus and at 
least one second peripheral control unit connected 
to the extended bus; 

a connection bus interconnecting the base bus of said 25 
base module and the extended bus of said extension 
module; 

direct memory access control means provided for at 
least one of said base module and said extension 
module for directly controlling data transfer be- 30 
tween said at least one first peripheral control unit 
and said at least one second peripheral control and 
said memory t t^** 11 *; 

first master clock signal generator means for supply- 
ing a first master clock signal to said direct memory 35 
access control means and controlling said direct 
memory access control means* said first master 
clock signal having a first frequency determined by 
a data transmission delay time associated with at 
least one of said base bus, said connection bus and 40 
said extension bus, and by performance of said at 
least one first peripheral control unit and said mem- 
ory means; and 

second master clock signal generator means for sup- 
plying a second master clock signal to said direct 45 
memory access control means and controlling said 
direct memory access control means, said second 
master clock signal having a second frequency 
determined by a data transmission delay time asso- 
ciated with at least one of said base bus, said con- SO 
nection bus and said extension bus, and by perfor- 
mance of said at least one second peripheral con- 
trol unit and said memory means; 

said direct memory access control means including 
means for selecting said first master clock signal in 55 
response to a data transfer request sent from said at 
least one first peripheral control unit and for con- 
trolling data transfer between said memory means 
and said at least one first peripheral control unit in 
accordance with said first master clock signal, and 60 
means for selecting said second master clock signal 
in response to a data transfer request sent from said 
at least one second peripheral control unit for con- 
trolling data transfer between said memory means 
and said at least one second peripheral control unit 65 
in accordance with said second master clock signal. 

7. An extended bus controller according to claim 6, 
wherein: 


said direct memory access control means is provided 
within said base module and connected to said base 
bus; 

said first master clock signal is determined based on 
data transmission delay times on said base bus and 
the performance of said at least one first peripheral 
control unit and said memory means; and 

said sflcfttirf mwt^r clock signal is determined based 
on data transmission delay times on said base bus, 
said connection bus and said extended bus, and the 
performance of said at least one second peripheral 
control unit and said memory means. 

8. An extended bus controller comprising: 

a base module including at least one first peripheral 
control unit, a base bus, a central processing and 
controlling unit, and memory means for storing 
data, each of said at least one peripheral control 
unit, said central p"~^*""g and control unit, and 
said memory means being connected to said base 
bus; 

an extension module including an extended bus and at 

least one second peripheral control unit connected 

to the extended bus; 
a connection bus mterconnecting the base bus of said 

base module and the extended bus of said extension 

module; 

first direct memory access control means provided in 
said base module and connected to said base bus for 
controlling data transfer between said at least one 
first peripheral control unit and said memory 
means; 

second direct memory access control means provided 
in said extension module and connected to said 
extension bus for controlling data transfer between 
said at least one second peripheral control unit and 
said memory means; 

first master clock signal generator means for supply- 
ing a first master clock signal to said first direct 
memory access control means and controlling said 
first direct memory access control means, said first 
master clock signal having a first frequency deter- 
mined by a data transmission delay time associated 
with said base bus and by p er for mance of said at 
least one first peripheral control unit and said mem- 
ory means; and 

second master clock signal generator means for sup- 
plying a second master clock signal to said second 
direct memory access control means and control- 
ling said second direct memory access control 
meanSi said second master clock signal having a 
second frequency determined by said data trans- 
mission delay times associated with said base bus 
and said extension bus, and by performance of said 
at least one second peripheral control unit and said 
memory means; 

said first direct memory access control means includ- 
ing means for controlling data transfer between 
said memory means and said at least one first pe- 
ripheral control unit in accordance with said first 
master clock signal and in response to a data trans- 
fer request sent from said at least one first periph- 
eral control unit; and 

said second direct memory access control means 
including means for controlling data transfer be- 
tween said memory means and said at least one 
second peripheral control unit in accordance with 
said second master clock signal and in response to 
a data transfer request sent from said at least one 
second peripheral control unit. 

• * * * • 
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